Evaluation of mortality during a two-year period at a primate colony indicated that 34% of nonexperimental deaths in macaques one year of age and older were due to gastrointestinal disease. Of deaths related to gastrointestinal disease, 12% had acute gastric dilatation, 18% had shigellosis, 12% had nontuberculous mycobacterial disease, and 58% were of undetermined cause. Histologic evaluation of the alimentary tract indicated that the large intestine was the most common site of anatomical change in monkeys that had diarrhea at the time of death. Monkeys that had a single terminal episode of diarrhea had less gastric inflammatory lesions than those that had multiple episodes of diarrhea in the last year of life.
Successful maintenance and breeding of nonhuman primates for biomedical research requires a healthy animal population. Gastrointestinal disease has been associated with 31% to 44% of the deaths reported in primate colonies [l, 31. In ongoing efforts to characterize and reduce spontaneous disease problems in macaques at the California Primate Research Center, a retrospective evaluation of naturally occurring enteric diseases was undertaken. These evaluations of deaths over a twoyear period were conducted to determine the incidence and causes of gastrointestinal disease and the associated histologic changes. Histologic evaluations were based on comparison with normal monkeys from the colony and included deaths with and without associated clinical signs of enteric disease.
Materials and Methods
During the period of this study, monkeys were housed in both indoor and outdoor cages. Indoor cages were of various types including both group and individual caging. Outdoor caging consisted primarily of the corn-crib type (oval cages 5 m in diameter) maintained on a variety of surfaces including concrete, asphalt, gravel, and rock. The social grouping in outdoor cages was primarily of the harem type, although juvenile peer groups also were common. A more recent type of enclosure used by the Center is the field cage. These are 30x60 m and hold groups of 30 to 80 macaques. The animal management, feeding, and health surveillance have been described [4] . The average population of Macaca mulatta ranged from 1,100 to 1, 250 and Macaca radiata from 290 to 350. During this time, 49% of the monkeys were wildcaught and 5 1% were colony-born. The colony averaged 34% males and 66% females.
A complete necropsy was done on all monkeys that died or were killed at the Center, ' Enteric disease cases were 17% of total deaths and 34% of nonexperimental deaths.
Expressed as a percentage of monkeys with enteric disease.
followed by a histologic evaluation of all major organ systems. Tissues were fmed in buffered neutral formalin and then processed by paraffin embedding for histologic sectioning. Hematoxylin and eosin (HE) stains were used routinely, while acid-fast, periodic acid-Schiff (PAS), Congo red, and other special stains were used as required for specific diagnoses. Records for all deaths during a two-year period were evaluated to determine the frequency and causes of enteric disease. The first consecutive 103 deaths in this two-year period, with complete clinical records and appropriate histologic enteric sections, were reevaluated for characterization of the histologic changes.
A control population of ten adult rhesus monkeys in the colony that had been observed in individual cages and had no history of enteric disease in the last two years were used as a basis for comparison in the retrospective morphologic evaluations. Tissues from these monkeys were examined histologically and included two or three sites from the fundus of the stomach, two sites from the duodenum, four from the jejunum, one from the ileum, one or two from the cecum, and four from the colon, in addition to other organ evaluations. Measurement of mucosal parameters was done with a calibrated eyepiece micrometer at a slide magnification of 8 0~. The average measurement was based on five sites for each tissue at points where the individual gastric or intestinal crypts extended uninterrupted to the epithelial surface in the plane of section. The mucosal measurement was from the luminal surface of the epithelium to the muscularis mucosae, with division of the small intestinal measurement into villus and crypt components. These monkeys also were used as the basis for comparison for the other evaluations as summarized in the Results.
Results
Table I lists the incidence of enteric disease according to recognized causes during a two-year period at the Center. These figures are based on the evaluation of clinical and anatomic records for all macaques that either died spontaneously or were killed in experiments. Of 335 deaths evaluated, 167 were due to experimental protocols for which no clinical or anatomic effect on the alimentary tract was expected, and 168 monkeys died naturally or were killed because of medical deterioration. Shigellosis was demonstrated by bacterial culture from typical colonic lesions during the terminal illness or postmortem. Nontuberculous mycobacterial disease due to 'Mycobacterium aviurn complex has been described [2, 41. In most monkeys that apparently died of enteric disease, no specific cause of disease was determined.
The mucosal measurements for clinically normal adult rhesus in the Center colony The average for each area from 10 macaques f one standard deviation.
are listed in table 11. These values were used as the standard of comparison for our studies. Based on evaluations by different pathologists, of large numbers of samples with varied degrees of autolysis, and from controlled studies on the effect of autolysis before fixation, the following allowances were necessary for use of these measurements on routine necropsy specimens. First, for the stomach, a range of two standard deviations was used as the normal comparison. This range was used because of the difficulty in determining where in the stomach the routine necropsy sample had been obtained, and because the stomach mucosal width measurement seemed to be influenced more by variable mechanical stretch exerted on the specimen at the time of death and fxation than did other intestinal measurements. Second, lengths of small-intestinal villi usually were decreased in routine necropsy specimens because of autolysis and the method of fixation. The small-intestinal crypt and colonic mucosa measurements were the parameters least affected by autolysis or fixation procedures. Third, the normal variation in mucosal measurements with progression through the small intestine and to a lesser degree through the large intestine prevented recognition of mild changes unless the exact site was known (table 11) . For the retrospective evaluation and comparison of clinical and anatomic features of enteric disease, 103 juvenile (over one year old) and adult monkeys from the twoyear period reported in table I were selected. The selection was based on the availability of complete medical history and of histologic sections of the entire alimentary tract (stomach, small intestine, and large intestine, although the exact location of sections often was not stated in the report). The monkeys selected were consecutive deaths. In addition to the criteria listed above, monkeys were excluded only if autolysis prevented an accurate morphologic evaluation. The clinical history, medical record, and histologic evaluations were conducted independently and comparisons were made only after the evaluations were completed. Although the records were evaluated for many parameters, they are reported here as either the presence or absence of diarrhea at the time of death. Monkeys with stools of normal consistency at the time of death were divided further into those that were killed experimentally on acute experiments not expected to affect the alimentary tract and those that were clinically ill at the time they were killed or died spontaneously. Monkeys with diarrhea at the time of death were divided further into those that had a single episode of diarrhea associated with the terminal illness and those that had multiple episodes of diarrhea separated by periods of normal stool during the last year of life. Other parameters evaluated were age, sex, origin; fecal bacteria and parasites; evidence of weight loss associated with terminal illness; and duration of diarrhea.
For anatomic evaluations we used the measurements in table I1 and the parameters summarized in table 111. The parameters listed in table I1 were based on preliminary studies on 20 macaques (not included in the study) correlating morphologic change and clinical evidence of enteric disease. Also noted were extension of inflammatory or other disease processes to the submucosa or muscular layers, presence of specific protozoa or helminths, and peritoneal inflammatory disease. The presence and general severity of lesions in each enteric segment are listed for the 103 animals which are divided into four clinically determined groups (table IV). The most common lesion in the stomach was a diffuse accumulation of lymphocytes, plasma cells, and macrophages in the lamina propria of the superficial portion of the mucosa. This change was present in five of the seven monkeys with gastritis in the group with multiple episodes of diarrhea.
For the small intestine, there were only small differences in the percentages of monkeys with morphologic changes among the different clinically defined groups. The most common changes in monkeys with diarrhea were villus atrophy with amyloidosis (one monkey) or inflammatory cell infiltrates and crypt dilation (seven during last year of life. monkeys). All the monkeys with diarrhea and small-intestinal changes also had colitis. The changes in sick monkeys without diarrhea were amyloidosis (two monkeys) multifocal mucosal fibrosis (one monkey), or mild glandular crypt dilation (one monkey).
When the monkeys with diarrhea were compared with those with normal stool, a marked difference in the presence of lesions in the large intestine was apparent. Only three of 32 monkeys with diarrhea had morphologically normal large intestines ( fig.  l) , while 57 of 71 of the monkeys with normal stool had morphologically normal large intestines. Specific causal factors or distinctive morphologic changes in the large intestine were present in a few monkeys with colitis and included six cases of shigellosis, three cases of amyloidosis ( fig. 2) , three cases of nontuberculous mycobacterial disease, and three cases compatible with severe ulcerative colitis. The remainder of the monkeys had lesions of nonspecific nature limited to the mucosa ( fig. 3,4) which typically included varied degrees of crypt dilation with cell exudates, increased leukocytes in the lamina propria, increased mucosal width, decreased number of luminal surface goblet cells, and flattening of lining epithelium. These changes frequently could not be differentiated from those of animals with diarrhea from which Shigella jlexneri was isolated. In several of the monkeys with diarrhea from which Shigella jlexneri was isolated on initial presentation, antibiotic therapy eliminated the organism from the feces but the monkeys continued to deteriorate clinically and eventually died.
Discussion
Evaluation of all deaths in the colony for a two-year period showed that gastrointestinal disease was responsible for 17% of deaths. When monkeys killed in experiments were eliminated from this population, the occurrence of enteric disease among spontaneous deaths was 34%, which is comparable to other primate colonies [l, 31. The cause of the enteric disease in most monkeys (58%) was not established by routine clinical and anatomic evaluations.
Morphologic examination of the alimentary tract from clinically normal macaques from this colony was used as a baseline for subsequent evaluations. Studies of these normal monkeys showed the necessity of knowing location of tissue site in the small and large intestine before critical evaluation of changes in mucosal thickness is possible. The normal group was used as a basis for evaluating the morphologic criteria used (table 111) in subsequent evaluations.
Improving the general health status of colony-maintained primates with regard to enteric disease would desirably be based on eliminating or treating specific causes of disease. Since the cause is currently unknown in most cases, a morphologic evaluation was conducted to determine the segment of the alimentary tract involved and to characterize the changes. This evaluation was conducted independently of the clinical record evaluation because of the prior impression of some Center pathologists that morphologic changes often did not correlate well with clinical status of the monkeys. These studies (table IV) showed that lesions were found most commonly in the large intestine of monkeys that died with clinical evidence of enteric disease. Colitis was present in 6% of monkeys killed in experiments that had normal stool, 31% of sick monkeys with normal stool, 94% of monkeys with a single episode of diarrhea at the time of death, and 87% of monkeys that had multiple episodes of diarrhea during the last year before death. In contrast to the 87% to 94% incidence of colitis in monkeys with diarrhea, only 20% to 33% had small intestinal lesions. Small intestinal lesions also were present in 3% to 10% of the animals with normal stools at the time of death. The incidence of lesions of the small intestine was not increased in monkeys with diarrhea, and enteritis was not seen in monkeys with morphologically normal colons. The only clinical category with an increased percentage of gastric lesions was that with multiple episodes of diarrhea (50%) as opposed to a single terminal episode of diarrhea (16%). The most common gastric lesion was a diffuse infiltrate of mixed mononuclear leukocytes limited to the superficial portions of the lamina propria.
The cause of most cases was not determined by either morphologic or bacteriologic methods.
